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Aresonancelightscatteringtechniquetodeterminetinidazoleindrugswasdevelopedbytetraphenylboronsodium(TPB).Tinida-
zolewasfoundtobindB(C6H5)
−
4 anionandtransformedtotinidazole-TPBaggregatewhichdisplayedintenseresonancescattering
light. Eﬀects of factors such as wavelength, acidity, stabilizers, and interferents on the RLS of tinidazole TPB were investigated in
detail. The RLS intensity of the tinidazole-TPB suspension was obtained in sulfuric acid solution (pH = 1.44). The resonance
scattering light intensity at the maximum RLS peak of 569.5nm was linear to the concentration of tinidazole in the range of 10.0–
30.0μgmL
−1 with a detection limit of 5.0μgmL
−1. Good results were also obtained with the recovery range of 95.13–106.76%.
The method was applied to determine tinidazole in injections and tablets, showing high sensitivity and accuracy compared with
the high performance liquid chromatography method (HPLC) according to Chinese Pharmacopoeia.
Copyright © 2007 Xin Yu Jiang et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
1. INTRODUCTION
Tinidazole is chemically 1-(2-ethylsulfonyl-ethyl)-2-methyl-
5-nitroimidazole (Figure 1). It is active against protozoa
and anaerobic bacteria and is used like metronidazole in
a range of infections [1]. The drug is reported to hy-
drolyze quantitatively in alkaline conditions to 2-methyl-5-
nitroimidazole and under photolytic conditions, the drug
yields intermediate, rearrangement, and degradation prod-
ucts [2].
Resonance light scattering (RLS) is an elastic scattering
andoccurswhenanincidentbeaminenergyisclosetoanab-
sorptionband.Pasternacketal.ﬁrstestablishedtheRLStech-
niqueto studythe biologicalmacromoleculesbymeansof an
ordinary ﬂuorescence spectrometer [3–5]. Due to their high
sensitivity, selectivity, and convenience, RLS studies have at-
tracted great interest among researchers [6–10]. RLS has
emerged as a very attractive technique that has been used to
monitor molecular assemblies and characterize the extended
aggregates of chromophores. In recent years, RLS technique
has been used to determine pharmaceutical [11, 12]a n dv a r -
ious biological macromolecules such as nucleic acid [13, 14],
protein [15, 16], metal ion [17], and bacteria [18], while the
study and determination of tinidazole with RLS technique
were not yet reported.
Several analytical methods for tinidazole have been de-
velopedsofarsuchasHPLC[19],LC-MS[20],capillaryelec-
trophoresis[21],spectrophotometry[22],voltammetry[23],
and electrochemical methods [24, 25]. Among these analyti-
cal methods, the voltammetry method according to Chinese
Pharmacopoeiaispopularandregardedrelativelyreliablefor
the determination of tinidazole. Although it often provides
very accurate results, it suﬀered from cost time and complex-
ity. HPLC was also used to determine tinidazole in drugs in
Chinese Pharmacopoeia with good result but needs tedious
pretreatment.
Herein, we report a robust, quick, and simple method for
the determination of tinidazole in injections and tablets with
NaB(C6H5)4 as a probe by RLS technique. The obtained re-
sults were almost in agreement with those obtained by the
currently used HPLC method according to Chinese Pharma-
copoeia.
2. EXPERIMENTAL
2.1. Apparatus
RLS spectra were obtained by synchronous scanning in the
wavelength region from 250 to 750nm on a JASCO FP-6500
spectroﬂuorometer (Tokyo, Japan) using quartz cuvettes2 Journal of Automated Methods and Management in Chemistry
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Figure 1: Structure of tinidazole.
(1.0cm). The width of excitation and emission slits was set
at 3.0nm. HPLC analysis was carried out on an Agilent
1100 HPLC system (USA) equipped with G1314A isocratic
pump, a thermostatted column compartment, a variable-
wavelength UV detector (VWD), and Agilent ChemStation
software. The pH measurements were carried out on a PHS-
3C exact digital pH meter equipped with Phoenix Ag−AgCl
reference electrode (Cole-Palmer Instrument Co., Ill, USA),
which was calibrated with standard pH buﬀer solutions.
2.2. Reagents
A working solution of tetraphenylboron sodium (10.0
mgmL−1) was prepared with methanol-water solution (20 :
80, v/v). A stock solution of tinidazole was prepared by dis-
solving tinidazole (> 99.99%, Sigma) in the doubly distilled
water. The working solutions of tinidazole were obtained by
diluting the stock solution prior to use. Sulfuric acid solu-
tion (0.18molL−1) was used to control the acidity, while
0.1molL−1 NaCl was used to adjust the ionic strength of the
aqueoussolutions.Allotherreagentsandsolventswereofan-
alytical reagent grade and used without further puriﬁcation
unless otherwise noted. All aqueous solutions were prepared
using newly double-distilled water.
2.3. Scheme
The composition of precipitate was determined by the Job-
Asmus method [26]. The molar ratio tinidazole: TPB was
found to be 1 : 1. It is possible that stronger basic secondary
amine group in the molecule of tinidazole was transferred to
cationic ion and reacted with tetraphenylboron. The precip-
itation reaction may be as follows.
2.4. Standardprocedure
An appropriate aliquot of tinidazole working solution
was added to a mixture of 1.0mL of tetraphenylboron
sodium solution (10.0mgmL−1), and 1.0mL sulfuric acid
(0.18molL−1) and diluted to 10mL with water. After stand-
ing for ﬁve minutes later, the solution was scanned on the
ﬂuorophotometer in the region of 250 to 750nm with Δλ =
0nm. The obtained RLS spectrum was recorded and its in-
tensity was measured at 569.5nm. The enhanced RLS inten-
sity of tinidazole-TPB system was represented as ΔI = I − I0
(I and I0 were the RLS intensities of the system with and
withouttinidazole).Theoperationswerecarriedoutatroom
temperature.
The HPLC separation was performed on Kromasil ODS
column (250mm × 4.6mm, 5μm, Hanbon Science & Tech-
nology Co., Ltd) connected with a Zorbax SB-C18 guard col-
umn (20mm × 4mm, 5μm). The mobile phase consisted
of methanol and 0.1% acetic acid aqueous solution (20 :
80, v/v) and the ﬂow-rate was 1.0mL/min. The volume of
sample injected was 20μL. The monitoring wavelength was
310nm. The column temperature was set at 25◦C.
2.5. Sample
The injections of tinidazole were diluted 100 to 200 folds
with pure water. The tablets of tinidazole were dissolved in
500mL pure water and ﬁltered through a 0.45 μm cellulose
acetate membrane. A 1.0mL aliquot of the prepared sample
solutions was added to a 10 mL volumetric ﬂask instead of
tinidazole standard solution.
3. RESULTS AND DISCUSSION
3.1. CharacteristicsoftheRLSspectra
The RLS spectrum of B(C6H5)4−Na in sulfuric acid solution
(0.018molL−1) is shown in Figure 2b. It can be seen that the
RLS intensity of B(C6H5)4−Na is quite weak in the whole
scanning wavelength region. In contrast, upon addition of
trace amount of tinidazole to B(C6H5)4−Na solution, a re-
markably enhanced RLS with a maximum peak at 569.5nm
was observed under the same conditions (Figure 2,c - g ) .I t
can be clearly observed that there were two peaks located
at 452.0 and 569.5nm in the RLS spectrum of tinidazole-
TPB system. The addition of increasing tinidazole to the
B(C6H5)4−Na solution leads to the gradual enhancement
in RLS intensity, exhibiting a concentration-dependent re-
lationship. The production of RLS and its intensity are cor-
relative with the formation of the aggregate and its particle
dimension in solution [3].
As shown in Figures 2aa n d2b, when the RLS intensities
of tinidazole and NaB(C6H5)4 were considered alone, they
were quite weak. It thus can be concluded that B(C6H5)
−
4
anion reacted with tinidazole and produced a new-formed
compound whose RLS intensity was much higher than that
of tinidazole or NaB(C6H5)4 when they existed separately.
Moreover, the dimension of tinidazole-TPB particles may be
much less than the incident wavelength, and thus the en-
hanced light-scattering signal occurs under the given condi-
tions. In this way, the resonance light scattering formula [26]
could be applicable to the tinidazole-TPB system.
3.2. EffectsofpHvaluesinmedium
The newly formed tinidazole-TPB compound may be as-
cribed to the higher electrostatic attraction between TPB and
tinidazole than that of the coexistent sodium ion. Moreover,
the RLS is relevant to the dimension of the formed aggre-
gated species. Hence, the pH value may exert certain inﬂu-
ence on the attraction strength and the dimension of sus-
pensionparticles,andthustheRLSproductionanditsinten-
sity. As shown in Figure 3, the RLS intensity of NaB(C6H5)4Xin Yu Jiang et al. 3
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Figure 2: RLS spectra of ﬁve tinidazole-TPB systems: (a) tinida-
zole solution, 50μgmL −1; (b)-(g) NaB(C6H5)4 1.0mg mL−1,a n d
sulfuric acid solution, 0.018molL−1: 0, 10, 15, 20, 25, 30μgmL −1
of tinidazole.
solution did not change with the variation of pH in range
of 1.44–6.44, whereas that of the tinidazole-TPB system pre-
sented diﬀerent traits. The RLS intensity of the tinidazole
TPB decreased from pH 1.44 to 6.44. Acidity strongly af-
fected the form of ammonium ion, which reacted with the
B(C6H5)
−
4 . A maximum RLS intensity was obtained around
pH 1.44 and this value was selected for the subsequent mea-
surements.
3.3. Effectofionicstrength
There existed high concentration of sodium chloride (0.9%)
in tinidazole samples such as injections. Did the large
amounts of Na+ and Cl− aﬀect the RLS spectra of tinidazole-
TPBsystem?TheNa+ andCl− mayinterferewiththeelectro-
staticattractionbetweenTPBandtinidazole.Herein,sodium
chloride was used to maintain the ionic strength of the solu-
tion. The unexpected observation is that both of the RLS in-
tensityofTPB-Naandtinidazole-TPBsystemhardlychanged
with the concentration changes of added NaCl (Figure 4).
Therefore, the system can be allowed in the solutions with
high ionic strength such as injections.
3.4. Additionorders
The eﬀect of addition order on the RLS intensity is listed in
Table 1.Itwasfoundthattheadditionordersofreagentshave
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Figure 3: Eﬀect of pH on the RLS intensity. (a) The tinidazole-
TPB system suspension: 30μgmL −1 of tinidazole, and 1mgmL−1
of NaB(C6H5)4;( b )1 . 0m gm L −1 of NaB(C6H5)4.
no large eﬀect on the RLS intensity. The proposed assay of
tinidazole has a wide pH range.
3.5. Stability
The formation process of tinidazole-TPB particles includes
three steps: nucleation, crystal growth, and aggregation,
which will aﬀect the sizes of the particles directly. Because
the size of the particles is one important factor deciding RLS
intensity, stabilizer must be used to control the size of par-
ticles, prevent the rapid sedimentation of the particles, and
improve the reproducibility of RLS intensities of solutions.
To improve the reproducibility of RLS intensity of a suspen-
sion system, it is crucial to impede the rapid sedimentation
oftheparticles.Inthisregard,variousstabilizerswereusually
used. However, tinidazole-TPB system is very stable within
20 minutes (Figure 5) and the average deviation of RLS sig-
n a lw a sf o u n dt ob el o w e rt h a n2 . 2 8 % .
3.6. Toleranceofforeignsubstances
Some cationic and anionic species normally found in in-
jections and tablets were studied by the addition of foreign4 Journal of Automated Methods and Management in Chemistry
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Figure 4: Eﬀect of NaCl concentration on the RLS intensity. (a)
The tinidazole-TPB system suspension: 30μgmL −1 of tinidazole,
NaB(C6H5)4 1mgmL −1, and sulfuric acid solution, 0.018molL−1;
(b) the blank solution (without tinidazole).
Table 1: Eﬀect of adding order.
12 3 ΔI(%)
TPB Tinidazole Sulfuric acid 100
TPB Sulfuric acid Tinidazole 97.19
Sulfuric acid Tinidazole TPB 98.36
substances. Their concentration relative to tinidazole and the
corresponding inﬂuence to the determination are displayed
in Table 2. Table 2 shows that few coexisting ions interfere
with the determination of tinidazole. Common ions such as
Na+,C a 2+,B a 2+,M g 2+,Z n 2+,C o 2+,C u 2+,A l 3+,a n dP b 2+
can be tolerated at high concentrations because they did not
combine with B(C6H5)
−
4 . However, some ions such as K+
and NH+
4 can only be tolerated at very low concentration
(10μgmL −1). In the studied species, NH+
4 and K+ were af-
fected seriously due to similarity of ionic radius. However,
NH+
4 and K+ were nearly absent in the sample, so it would
not interfere with the determination. The most abundant
Na+ would interfere at the concentration of up to 1000 times
than that of tinidazole. Because Na+ was studied by adding
NaAc and Ac− had more molecular weight than Na+, the
tolerant level of Ac− was larger. The results demonstrated
that the addition of CO2−
3 and PO3−
4 in excess of 1000 folds
in concentration relative to tinidazole can induce moderate
RLS signal. This may be due to the formation of extended
aggregate around tinidazole-TPB particle cores by the rel-
atively higher negatively charged ions of CO2−
3 and PO3−
4 .
Other studied ions have nearly no eﬀects on the determina-
tion when their concentration was the same as or more than
tinidazole. Due to the good selectivity of this method, assays
can be performed without removing other coexisting ions.
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Figure 5: Stability of tinidazole-TPB system: 30μgmL −1 of
tinidazole, NaB(C6H5)4 1mgmL −1, and sulfuric acid solution
0.018molL−1.
4. ANALYTICAL APPLICATIONS
4.1. Detectionandquantiﬁcationlimits
The detection limit was calculated as sb +3 s,w h e r esb is the
average signal of ten blank solutions and s the standard de-
viation. The quantiﬁcation limit was calculated as sb +1 0 s,
where sb is the average RLS signal of ten blank solutions and
sthestandard deviation. Whenthe RLSintensity at569.5nm
wasselected,thedetectionlimitandquantiﬁcationlimitwere
calculated to be 5.0μgmL −1 and 10.0μgmL −1,r e s p e c t i v e l y ,
indicating high sensitivity of this method for the determi-
nation of tinidazole. The sensitivity of the RLS method is
prominentlyhigherthanthatofturbidimetry(resultsarenot
presented).
4.2. Detectedwavelengthandcalibrationcurves
From the RLS spectra (Figure 2) of tinidazole-TPB system,
threepeaksarelocatedat452.0and569.5nm.Themaximum
RLS peak is located at 569.5nm. Calibration curves were de-
termined for ﬁve diﬀerent concentrations of tinidazole stan-
dard solutions under these two wavelengths. Each calibra-
tionsamplewasdetectedintriplicate.Accordingtotheabove
standard procedure, the calibration curves were obtained by
plotting the concentration of tinidazole against the intensity
of RLS spectra at 452.0 and 569.5nm (Figure 6). Table 3 lists
the parameters and correlation coeﬃcients of the calibration
plots with two wavelengths. The ΔI(y) and the tinidazole
concentrations (x) were ﬁt to the linear function. The results
oftheregressionanalysiswerethenusedtoback-calculatethe
concentration results from the ΔI, and the back-calculated
concentrations and appropriate summary statistics (mean,
standard deviation (SD), and percent relative standard devi-
ation (RSD)) were calculated and presented in tabular form.Xin Yu Jiang et al. 5
Table 2: Eﬀect of interfering ions on the tinidazole determination(a).
Foreign ion Ratio of the concentration
(foreign ions/[tinidazole])
Change in
RLS (%) Foreign ion Ratio of the concentration
(foreign ions/[tinidazole])
Change in
RLS (%)
Na+ 1000 1.54 NH+
4 14 . 1 1
Ca2+ 100 1.89 Pb2+ 10 3.68
Ba2+ 100 2.23 SO2−
4 1000 0.87
Mg2+ 100 1.59 NO
−
3 1000 0.94
Zn2+ 100 3.42 CO2−
3 1000 4.12
Co2+ 100 2.46 SO2−
3 1000 1.53
Cu2+ 100 4.15 PO3−
4 1000 3.91
Al3+ 100 3.76 Cl− 1000 0.71
K+ 14 . 2 8 Ac− 1000 1.54
(a)The cationic ions were added in the form of chloride, and the anionic ions were added in the form of sodium.
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Figure 6: Relationships between RLS intensities of tinidazole-TPB
system and the detected wavelengths. ((a) λ = 569.5nm,(b)λ =
452.0nm).
From Table 3, detected wavelength has obvious eﬀect on
the linear relationship of this method. To diﬀerent detected
wavelength, the RLS intensity of the system is also diﬀerent.
It oﬀers a wide detected range for diﬀerent concentration of
tinidazole in samples. The lowest detection limit and quan-
tiﬁcation limit took place at 569.5nm, because 569.5nm is
the maximum RLS peak.
4.3. Precision
The precision study was comprised of repeatability and re-
producibility studies. These were developed in ﬁve diﬀer-
ent samples. The repeatability was established by analyzing
the samples ﬁve times. The reproducibility was determined
by analyzing each sample on three diﬀerent days over about
one month. The repeatability and the reproducibility are
< 2.37% and < 3.96%, respectively. These results indicate
that the present method can be used for quantitative anal-
yses of tinidazole.
Table 3: Eﬀect of wavelengths on the linear relationship(a).
Wavelength (nm) Linear regression
equation Correlation coeﬃcient
452.0 y =− 29.308 +3.8868x 0.9958
569.5 y =− 75.356 +10.472x 0.9962
(a)y is ΔI; x is the tinidazole concentrations (μgm L −1).
4.4. Recovery
To establish the accuracy of the method, this procedure
was also performed on tinidazole added to samples. Table 4
shows the recoveries of tinidazole applying this analytical
method. From Table 4, good results are obtained with the re-
covery range of 95.13–106.76%.
4.5. ComparisonofRLSandHPLCmethods
As shown in Table 5, the proposed method was applied to
determine tinidazole concentration in injections and tablets.
The attained results were compared with that of HPLC
method. From Table 5, it was seen that the RLS results were
in agreement with the HPLC method according to Chinese
Pharmacopoeia. The average RSD of the RLS method is
0.79%–1.83%, which is slightly lower than that of the HPLC
method (1.22%–2.48%), which proved that the RLS assay of
tinidazole in drugs was practical.
In this paper, we compared two methods to analyze
tinidazole in injections and tablets. These two methods, RLS
and HPLC, can give similar results for tinidazole content in
drugs (Table 5). However, the operations of RLS and HPLC
methods were signiﬁcantly diﬀerent. The HPLC method ap-
pears to suﬀer from complexity and cost time, whereas the
RLS method described here is robust, cost eﬀective, and sim-
ple while retaining suﬃcient sensitivity. It took more than
10minutes for an HPLC analysis, but only 1minute for RLS
analysis. Second, the RLS analysis was not aﬀected by small
variation in temperature, so it could be carried out at room
temperature. But the temperature had a signiﬁcant eﬀect on
the HPLC analysis. The HPLC column temperature was set6 Journal of Automated Methods and Management in Chemistry
Table 4: Recovery tests of some samples.
Sample Tinidazole in samples (μg) Added (μg) Found (μg) Recovery range (%) RSD (%) (n = 5)
1 101.45 100 196.58–206.03 95.13–104.58 2.81
2 101.83 100 202.35–207.32 100.17–105.49 2.11
3 202.44 200 395.97–398.71 96.77–98.14 1.94
4 25.16 25 51.08–51.85 104.08–106.76 3.42
5 24.85 25 49.21–50.68 97.44–103.32 3.36
Table 5: Determination results of tinidazole in samples(a).
Samples Labeled amount RLS technique (n = 5) RSD (%) HPLC method (n = 5) RSD (%)
1I n j e c t i o n 2000μgmL −1 2029.39μgmL −1 1.59 2054.13μgmL −1 1.89
2I n j e c t i o n 2000μgmL −1 2036.54μgmL −1 1.22 2041.31μgmL −1 2.09
3I n j e c t i o n 4000μgmL −1 4048.68μgmL −1 1.67 4069.27μgmL −1 1.54
4I n j e c t i o n 4000μgmL −1 4019.23μgmL −1 1.83 4045.09μgmL −1 2.71
5 Vaginal eﬀervescent tablets 250mg/tablet 248.35mg/tablet 0.79 249.18mg/tablet 1.22
6 Vaginal eﬀervescent tablets 250mg/tablet 251.62mg/tablet 1.04 252.04mg/tablet 2.14
7 Vaginal eﬀervescent tablets 250mg/tablet 251.09mg/tablet 1.47 251.65mg/tablet 2.48
(a)Samples were diluted with pure water.
at a ﬁxed temperature. Third, the RLS analysis did not use
organic solvent, but toxic acetonitrile is used in the HPLC
analysis.
4.6. Mechanismdiscussion
Light scattering is caused by the presence of ﬁne particles.
Because the dimension of tinidazole-TPB particles is much
less than the incident wavelength, it should be in accordance
with the resonance light scattering formula, which is shown
as follows [27]:
R(θ) =
9π2
2λ4

n2
1 −n2
0
n2
1 +2 n2
0
2
N0υ2
1+c o s 2θ

,( 1 )
where R(θ) is the resonance light ratio at the scattering an-
gle θ, which is equal to the ratio of the scattering intensity
of incident light I(θ) at the angle θ to the intensity of inci-
dent light I0; n1 and n0 are the refractive indices of solute and
medium, respectively; N0 is the number of particles per unit
volume; υ is the volume of the particle; and λ is the wave-
length of incident light in the medium.
If c is the concentration of tinidazole-TPB solution, and
ρ is the density of each particle, so N0υ is equal to c/ρ.T h e
formula above can be expressed as
R(θ) =
9π2
2λ4

n2
1 −n2
0
n2
1 +2 n2
0
2
c
ρ
υ

1+c os 2θ

. (2)
In the experiment, θ is 90◦, υ remained nearly constant
because the experiment conditions such as acidity and the
adding volume of stabilizer and other reagents were kept as
identical as possible to obtain the same size particles; n1, n0,
λ,a n dρ were all constant. According to (2), RLS intensity is
proportional to the concentration of tinidazole-TPB suspen-
sion (c) or the number of particles in the unit volume (N0).
Therefore,tinidazolecanbedeterminedbasedonthistheory.
5. CONCLUSION
In this contribution, we proposed a resonance light scatter-
ing technique to determine tinidazole in drugs. The analyti-
cal results showed that our method is rapid, sensitive, selec-
tive, and potential to be put into practice. This method may
also be a valuable approach for the development of detection
of tinidazole in serum.
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